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629t) try's unprocessed and processed agriculture imports indicates that rice, poultry and sugar are among the top seven products imported in terms of quantity (NAMC, 2010) .
Given the realities of affordability and availability, South Africa's growing economy is testing the limits of its food constraints. Growing more food, as is often a common response, is not an ideal option because only 13% of South Africa's land is arable (i.e. land suitable for crop production), and most of this is only marginal for crop production (i.e. it has low production potential) (Laker, 2005) . Only 3% of the country is considered to be highpotential arable (ibid). So the solutions lie in finding the reasons for food inflation and managing food availability.
Reasons for rising food costs and the implications
Several factors are responsible for increasing food prices. These can differ from country to country and can be generic to the food value chain or specific to different food commodities. Further, the reasons can be found at either the production level or through the different stages of the food value chain. In South Africa, current research suggests that the factor common to all stages of the food value chain and across commodities is input costs (Jooste, 2012; Joubert, 2011) . A deeper investigation into the role of input costs in driving up food prices in South Africa emphasizes the role of energy and water prices. Added to this is the fact that energy and water are regulated in South Africa in that they are administered by government policy.
The energy-food link
In South Africa, electricity prices have increased by over 24% since [2007] [2008] . The food sector has not been immune to the impacts of these increases. For example, the primary agricultural sector consumes only 3% of total electricity generated in the country and this consumption has risen at 3% per annum between 1999 -2000 . But the annual electricity bill for the agriculture sector has increased by over 20% since 2009 (Joubert, 2011 ). Like electricit k of US$145 rage price dec 0 and the cru many ways. Th Trends in oil a ces (Fig. 8) The South African Water Pricing Strategy is currently under review that includes the development of an infrastructure funding model and the establishment and strengthening of an economic regulator for the water sector. The revision of the pricing strategy for raw water will have extensive socio-economic impacts, affecting all water users. The extent of the impact needs to be clearly understood, and both quantified in order to result in an informed decision on a final pricing strategy that will ultimately have benefits across the water and energy sectors. This could be achieved through several interventions. The first is by keeping tariffs artificially low to enhance food security. This could be brought about at the cost of infrastructure deterioration or through subsidies from the government -and lead to some opportunity costs. The second is through infrastructure development and maintenance as opposed to affordability for the poor. And the third is infrastructure development either as a catalyst or constraint to economic growth and social development.
The second aspect of the water-food link is water shortage. The increasing scarcity of water is going to have a profound impact on food production. South Africa is water scarce, being the 29th driest of 193 countries and having an estimated 1110 m³ of water per capita in 2005. Moreover, its rainfall varies dramatically from season to season and is distributed unevenly across the country. This poses several challenges for food production and food security. In future, this challenge may require that South Africa make crop choices in the context of water scarcity and its effect on food security.
Water scarcity will also affect food production indirectly through competing with energy production, which will lead to trade-offs with the energy and resources sectors. The latter is energy intensive. Moreover, with the productivity of water use in agriculture being low compared to other sectors -agriculture contributes 3% to GDP but uses 60% of the water -there may be significant pressures to reallocate water from agriculture to other more productive uses (Pretorius, 2010) . In the event that this happens, the immediate impacts on food security could be through wine, fruit and vegetable production, 90% of which is produced under irrigation, and wheat cultivation, 30% of which is produced under irrigation.
The third aspect of the water-food link is that of virtual water. The concept of virtual water describes a situation in which countries import food from other countries and therefore have made use of the water used to grow those imports. Virtual water can be seen as an additional water source, increasing an area's per capita water availability. If water-intensive crops are imported instead of being produced domestically, less domestic water has to be used, decreasing the level of exploitation. Thus, virtual water could decrease the pressure on domestic water resources in a situation of water scarcity.
The fourth and final aspect of the water-food link centres around water quality. It is well known that water pollution affects the economic productivity of agriculture by destroying crops, reducing crop quality and diminishing yields. Increasing water pollution in South Africa means that food producers will find it difficult to meet regulatory requirements of food safety and quality norms. The problem will be bigger in cases of food exports where continued trade depends on food safety and quality, as well as any voluntary standards. Consequently, producers and processors have few alternatives but to make the necessary investments to comply with standards. However, deteriorating water quality is pushing up mitigating costs (for example through costs of water purification) and threatening food quality, and hence exports, making it a priority concern. Another threat from water quality arises from the energy usage aspect: making water of acceptable quality available for food production and processing carries a heavy energy bill.
The energy-water link
Energy costs constitute a significant part of operational costs for the water sector. While information on this front is not readily available for South Africa, the magnitude of influence that energy prices have on water tariffs can be gauged by looking at global estimates. It is estimated that between 2% and 3% of the world's energy 
Constructing a governance framework for the water-energy-food nexus
If we look at how the nexus plays out in the policy landscape in South Africa, we see the same kind of imbalance. South Africa is currently in the process of evaluating its energy options and developing policies that apply appropriate 'carrots and sticks' to various technologies to encourage sustainable energy production. While the aspects of cost, carbon, and energy security have been given significant attention, water needs have not been part of this process. Similarly, energy pricing has not formed part of the water pricing strategy for South Africa to date.
However, solutions exist at the local and regional level. In particular, the lower the level, the more concrete the nexus becomes in terms of project solutions: a series of readily implementable solutions exist to manage the nexus and at the same time to enable sustainable rural development in the context of the green economy. The challenge has always been scaling these solutions up to the departmental, national and regional level.
For example, several solutions exist at the local level to increase land, energy and water-use efficiency. One such example is the Water Research Commission (WRC) funded project on the integration of irrigation and nutrient (especially nitrogen) inputs. Today, farmers are under pressure to decrease their water and fertilizer usage, while at the same time producing sufficient pasture for dairy farmers to meet the milk demands of a growing population (Fessehazion et al., 2012) . In South Africa, annual ryegrass (Lolium multiflorum) and kikuyu (Pennisetum clandestinum) are the most widely grown pasture species under irrigation. However, shortages of water and nitrogen can be limiting factors, but these can be managed by using appropriate irrigation and nitrogen management tools (Fessehazion et al., 2012) .
In essence, there is still a need for increased production, but in more cost-effective and innovative ways. One WRC-funded innovation is the use of livestock manure to produce biogas, which is an environmentally friendly energy source. Since energy is central to improved social and economic well-being, and is a key factor for relieving poverty, improving human welfare and raising living standards (IAEA, 2005) , biogas can play a central role in the sustainable development of rural communities in South Africa. The aim of this project is to couple biogas use (for energy and liquid fertilizer) with rainwater harvesting (for domestic use, fodder production and use in the biogas digester). In South Africa, one of the factors responsible for low agricultural production is unreliable rainfall and poor water resources. Since availability of water is critical for biogas generation, a sustainable water supply is essential for the implementation of this technology. While biogas digester owners typically utilize waste water in the biogas systems, this water is usually carried over long distances and is thus a barrier in the uptake of the technology. In essence, studies such as this one emphasize the need to implement effective economic development solutions based on the integration of fodder, food, energy and water security at the homestead and farm scale.
Biogas production will result in reduced financial costs through low-cost energy and fertilizer as well as the potential for increased income (e.g. through the sale of milk) and will result in considerable savings at the household level, which could be used for other purposes such as food or school fees. This is likely to add meaningfully to the household's welfare and the economy. Additionally, while biogas is not a commodity sold in the marketplace, it has the potential to replace the measurable cost of heating, lighting and cooking requirements of a small rural household. Biogas is able to replace these general costs to a household and hence its value as a 'costavoidance' substitute may be assessed financially. Another benefit of biogas is that it replaces the wood, dung and other locally gathered fuels traditionally used for cooking and heating in rural households (Renwick et al., 2007) . Thus the use of biogas means that the use of non-renewable use wood fuel is fully avoided, chronic respiratory and eye health impacts are halted, and the time saved enable other income-generation activities to be undertaken.
The environments examined in the case studies are typical of most of Southern Africa and indeed the developing world -primarily rural in nature, and dependent on subsistence agriculture. The added dimensions of no connection to either the water supply network or power grids in ecologically sensitive environments are also typical in this region. A popular response to these circumstances is a mass migration to towns and cities, resulting in the further expansion of informal neighbourhoods in the peri-urban fringes, bringing with it a suite of challenges that is rapidly becoming the norm in the developing world.
In this context, the possibility of interventions that help rural communities to have the opportunity of sustainable livelihoods in rural settings with a good quality of life is both attractive for the individuals concerned and an important contributor to national sustainable development. The intervention models resulting from the case studies provide a series of readily implementable solutions in the context of a green economy. The solutions/interventions are both very portable and applicable in many Southern African settings. They are also easily implemented in the right conditions. In addition, the lag phases are usually small, enabling communities to derive the benefits of the interventions during the course of the first rainy season. It is also possible to extrapolate some elements of these solutions to the urban environment, in particular the peri-urban slums that are outside any water, waste or energy network.
Another solution locally would be to realize energy savings in the water supply sector. Currently, no estimates are available for the energy intensity of the water cycle in South Africa, either at a national level or for cities. This knowledge is key to understanding the unique energy intensities of the different elements of the water use cycle, which can exhibit considerable variability in energy intensity. Energy efficiency improvements in the water use cycle would alleviate shortages, waste and unsustainable patterns of use.
In the case of food waste, significant reductions can be achieved through simple changes in food purchasing, storage and preparation. However, local solutions that combine radically reducing food waste at its source with ensuring that what gets discarded becomes a resource to generate energy or create fertilizers can be considered (Slade, 2012) . These solutions include reconnecting the whole supply chain from farm to table to farm by composting food waste and using it as fertilizer to grow crops.
At the regional level, virtual water trade may provide a potential solution. Investigations show high-potential rain-fed cropping land in neighbouring countries such as Zambia (11.1 million ha), Mozambique (8.8 million ha), Zimbabwe (6.3 million ha) and Malawi (0.4 million ha). Moreover, water sharing is already working between South Africa and some of its neighbours, examples being the Lesotho Highlands Water Project and the Nkomati Project. Whether or not relying on virtual water would be beneficial in a broader context depends on a number of other factors such as resource endowments and production technologies in the countries engaging in trade, but it would improve the situation in water-scarce South Africa.
Conclusion
Food inflation has become a phenomenon of our time, and has begun to pose a threat to food security in South Africa, as in many other places in the world, as household food budgets take an increasing percentage of household income. The knock-on effect on the economy will be substantive. This paper shows that the energy and water systems play a significant role in driving the availability, quality and affordability of food, and that the pressures on food prices will affect energy and water prices. Generally, passing these costs on to the consumer will have negative implications for food security, with the most vulnerable being the first victims. In the absence of price increases at the consumer level, there will be pressure on profits throughout the food chain and a return on investments.
A deeper analysis is required for a more detailed understanding of the production cycle, food prices and food security relationships. This will inform policy options and other interventions led by government and other partners. These include developing the infrastructure for improved, cost-effective agricultural production and processing; investing in research and development to improve production efficiencies; and re-channelling social grants into food banks and work-for-food programmes. It is only through the understanding of the complexity of how the many dimensions of the food, energy and water nexus are entangled, and how we can effectively address the trade-offs in this nexus, that a long-term, concerted and sustained strategy can be developed and applied to address the issue of food security. Slade, D. (2012) 
